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System and Method for Object Oriented 
Interface Checking and Method Dispatching 



RELATED CASE 



This application claims the benefit of and priority to United States 
provisional patent application Serial No. 60/368.138, filed March 29, 2002, 
the entire disclosure of which is incorporated herein by reference. 



1. TECHNICAL FIELD 

The present invention relates generally to wireless devices, and more 
particularly to handling software objects operating on a wireless device. 

10 2. DESCRIPTION OF THE RELATED ART 

Fig. 1 illustrates a set 10 of object-oriented classes. Each class IS is 
typically compiled from source code into object code. A class IS typically 
defines attributes and implements methods. A class 15 may also provide a 
constructor method for constructing objects that are instances of that particular 

IS class, which are said to be objects of that class type. Classes 10 may be related 
to one another via a class hierarchy, wherein a subclass is related to a parent 
class whereby the subclass may inherit attributes and/or methods from the 
parent class. 



20 25 is typically compiled from source code into object code. An interface 25 
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Fig. 2 illustrates a set 20 of object-oriented interfaces. Each interface 
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typically deflnes method signatures. As was the case with classes, interfaces 
20 may be related to one another via an interface hierarchy, wherein a sub- 
interface is related, to a parent interface and whereby a sub-interface may 
inherit method signatures from a parent interface. However, interfaces 20 
5 differ from classes in at least two respects. First, interfaces do not implement 
methods, but rather define method signatures. Second, interfaces do not 
provide object constructors, but rather are used to cast objects of a particular 
class type into a particular interface type to enforce the exclusive use of the 
methods implemented in the class and accessible to the object, whose method 
10 signatures are deflned in the interface. 



In accordance with the teachings contained herein, a method and 
system are provided for interface checking and interface method dispatching 
IS on wireless devices. Relationships between classes and object-oriented 
interfaces are analyzed and certain properties are exploited for use in 
performing interface checking and/or interface method dispatching. 



Fig. 2 illustrates a set of object-oriented interfaces; 
Fig. 3 illustrates the relationship between a typical class Cc and several 
interfaces; 



SUMMARY 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates a set of object-oriented classes; 
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Fig. 4 illustrates a class that implements two interfaces directly; 
Fig. 5 illustrates a class that implements an interface indirectly via 
another interface; 

Fig. 6 illustrates a class that implements an interface indirectly via the 
S class hierarchy; 

Fig. 7 illustrates an example set of classes and a set of interfaces; 
Fig. 8 illustrates a flowchart of an example embodiment of the method; 
Fig. 9 illustrates an exemplary embodiment of a method to carry out 
step 100 of Fig. 8; 
10 Fig. 10 illustrates the fu-st constraint of Fig. 9; 

Fig. 1 1 illustrates a sample interface ordinal table; 
Fig. 12 illustrates an exemplary technique for optimizing the NP- 
complete steps 110 and 130 of Fig. 10; 

Fig. 13 illustrates a method to carry out step 120 of Fig. 9 to provide a 
IS class interface check (CIC) table; 

Fig. 14 illustrates a sample CIC table, as can be provided by the 
method of Fig. 13; 

Fig. IS illustrates the second constraint of Hg. 9; 
Fig. 16 illustrates a sample method ordinal table; 
20 Fig. 17 illustrates a method of carrying out step 140 of Fig. 9 to 

provide a class interface dispatch (CID) table; 

Fig. 18 illustrates a sample CID table, as can be provided by the 
method of Fig. 17; 
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Fig. 19 illustrates a method to carry out the step 200 of Fig. 8 to 
communicate direct check and dispatch information to a runtime device; 

Fig. 20 illustrates a method to cany out the step 300 of Fig. 8 to 
perform a direct check and dispatch on a runtime device; 
5 Fig. 21 illustrates an example embodiment of a direct interface check 

method; 

Hg. 22 illustrates an example embodiment of a direct dispatch method; 

Fig. 23 illustrates a direct check and dispatch system; 

Fig. 24 illustrates in greater detail a compiler system and media of Fig. 

10 23; 

Fig. 25 illustrates an example storage media of Figs. 23 and 24 in 
further detail; 

Fig. 26 illustrates an example runtime device; 

Fig. 27 illustrates in greater detail the exemplary runtime storage of 
15 Fig. 26; . 

Fig. 28 illustrates an embodiment of a method of compacting sparse 
CID tables in accordance with the optional step 800 of Fig. 17; 
Fig. 29 illustrates sparse tables; and 

Fig. 30 illustrates the same table information found in Fig. 29 but 
20 compacted by the method of Fig. 28. 
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Fig. 3 depicts relationships between a typical class Co IS and several 
interfaces 25. It was observed above that, in order for class Co 15 to provide a 
constructor method for objects of type Cc, class Cc implements - either 
directly or indirectly - the methods whose signatures are defined in the 
5 interfaces 25 class Cc implements. 

For the purposes of this description (and the appended claims), the 
term implements takes on a "deep" meaning as compared to the traditional 
"shallow" meaning, where "deep" and "shallow" refer to the traversal of the 
class and interface hierarchies to ascertain whether a class implements a 

10 method signature or an interface. However, it should be understood that 
certain situations may involve the term "implements" as having solely a 
"shallow" traversal while other situations may entail a wider meaning for the 
term "implements." 

When considering the interfaces "shallowly" implemented by a class, 

IS only those interfaces explicitly declared as implemented by the class are 
considered. The concept of "shallow" implementation may be extended into a 
"deep" implementation, wherein the class and interface hierarchies are used to 
determine those method signatures and interfaces that are either directly 
(equivalent to "shallow") or indirectly implemented by the class. 

20 The concept of direct vs. indirect implementation of method signatures 

and interfaces is described as follows. As used herein, a class implements 
directly any method signature or interface for which it explicitly declares and 
provides an implementation. 
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Furthermore, as used herein, a class implements indirectly via class 
hierarchy any method signature or interface it inherits from any of its super 
classes via the class hierarchy (i.e., from its parent class, or the parent class of 
its parent class, etc.; collectively known as the super classes of the class). 
5 Further still, as used herein, a class implements indirectly via interface 

hierarchy any method signature or interface it inherits from any of its super 
interfaces via the class hierarchy (i.e., from its declared interfaces, from its 
super classes declared interfaces, or from any of the super interfaces of these 
declared interfaces). 

10 In this description, whenever the term implements is used by itself, it 

will be understood that this is meant to include both direct and indirect 
implementation. Furthermore, whenever the term indirectly is used by itself, it 
will be understood that this is meant to include both indirectly via class 
hierarchy and indirecdy via interface hierarchy. 

IS Figs. 4-6 illustrate, by example, cases of direct and indirect 

implementation of interfaces by classes. In particular, three cases wherein a 
class implements at an interface - either directly or indirectly - are illustrated. 
Rather than illustrating all possible combinations of direct and indirect 
implementation, the drawings illustrate the concept of considering the 

20 relationship between classes and interfaces, such as whether a class 
implements two interfaces simultaneously. As used in this description and in 
the appended claims, a class implements two interfaces simultaneously if the 
class can implement multiple interfaces and the class inherits, either directly or 
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indirectly, from each of the two interfaces. The method considers this type of 
relationship between interfaces and classes and is described in greater detail in 
reference to Figs. 8-22. 

In the example of Fig. 4, class ISA implements two interfaces 2SX, 
5 25 Y direcUy. 

In the example of Fig. S, a class ISB implements an interface 25Y 
indirectly via another interface 25X. Class 15B, like class 15 A in Fig. 4. 
implements directly interface 25X - as illustrated by the solid arrow 
connecting class 15B to interface 25X. However, unlike class 15A in Fig. 4, 
10 class 15B implements indirectly (via the interface hierarchy) interface 25 Y. 
As illustrated, interface 25X is a sub-interface of 25Y, i.e., 25Y is either the 
parent interface of Ix or of any of the parent interfaces of 25 Y in the interface 
hierarchy. 

Finally, in the example of Fig. 6, class 15C implements an interface 
15 25X indirectly via the class hierarchy, i.e., via another class 15D. 

With respect to Fig. 7, a specific set of classes 15P, 15R and a set of 
interfaces 25X, 25Y will be used, as an example, to illustrate the embodiments 
of the method and system illustrated in the remaining figures. As shown, class 
15P implements interface 25Y directly. Furthermore, class 15R implements 
20 interface 25X directly. Class 15R is a subclass of 15P and thereby implements 
interface 25Y indirectly. Interface 25X contains method signature 26W, which 
is implemented by class 15R in method implementation 16W. Similarly, 
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interface 2SY contains method signature 26Z, which is implemented by class 
ISP in. method implementation 16Z. 

Also shown in Fig. 7« is example runtime object 3SR, an instance of 
class ISR, which will be further described in reference to the rantime portions 
5 of the system and method, in Figs. 22 and 27. 

With respect to the ternary relationship between class ISR and 
interfaces 2SX and 2SY, class ISR implements simultaneously interfaces 2SX 
and 25Y. In an assignment method, interface ordinal numbers 27X and 27Y 
are assigned to interfaces 2SX and 2SY respectively. Furthermore, method 
10 ordinal numbers 28W and 28Z are assigned to method signatures 26M and 
26Z respectively. 

The ordinal assignments to the interfaces and interface methods are 
stored in direct check and dispatch information data stractures. During 
operation of a runtime device, the device may use the data structures to 

IS directly check if a runtime object can be cast into a particular type of interface. 
If so, then the device may further use the data structures to facilitate a direct 
dispatch of the desired method(s) associated with the checked interface. 
Generation of check and dispatch information is described in greater detail in 
reference to Figs. 8-22. 

20 With reference to Fig. 8, a flowchart of one embodiment of the 

method, by way of example, is illustrated. Three steps 100, 200, and 300 are 
illustrated. 
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In the first step 100, check and dispatch information is generated on a 
compiler system. This step is described in greater detail with reference to 
Figs. 9-18. Furthermore, an exemplary embodiment of the compiler system is 
described in further detail with reference to Fig. 23 wherein the compiler 
5 system is illustrated as a part of a larger system, and with reference to Fig, 24 
wherein an exemplary compiler system is illustrated. In an alternative 
embodiment, it is contemplated that this step may be carried out on the 
runtime device. 

In the second step 200, the check and dispatch information generated 
10 in step 100 is conmiunicated to a runtime device. This step is described in 
greater detail in reference to Fig. 19. Check and dispatch information may be 
prepared, stored, and conununicated to a runtime device, via media which is 
described with reference to Fig. 23 wherein the media is illustrated as a part of 
a larger system, and with reference to Fig, 25 wherein an exemplary media is 
IS illustrated. In an alternative embodiment, it is contemplated that this step may 
be carried out on the runtime device. 

In the third and final step 300, the check and dispatch information 
generated in step 100, and conmiunicated in step 200, is used to perform, first 
a direct check step and then a direct dispatch step on a runtime device. This 
20 step is further illustrated in greater detail in Fig. 20, wherein direct check and 
direct dispatch steps are also illustrated. The direct check step is furdier 
detailed with reference to Fig. 21, whereas the direct dispatch step is further 
detailed with reference to Fig. 22. The runtime device is illustrated as a part 
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of a larger system in Fig. 23, and an exemplary runtime device, a wireless 
device, is illustrated in greater detail in Figs. 26 and 27. 

Although not expressly shown in the drawings, some portions of step 
100 can be carried out on the runtime device. In the case where all portions of 
5 step 100 are carried out on the runtime device, then step 200 may need not be 
carried out as the runtime device and compiler system can be coterminous. 

With reference to Fig. 9, an exemplary embodiment of a method to 
carry out step 100 of Fig. 8 is illustrated. 

At step 110, interface ordinals are assigned to interfaces, while 
10 optimizing a first constraint. The constraint is illustrated by the expression 
115 of Fig. 10, which states that interface ordinals are to be assigned to 
enforce the rule that two interface ordinals (such as for example with reference 
to Fig. 7 interface ordinal 27X and ordinal 27Y) are different if there exists a 
class in the system that directiy or indirectiy implements both interfaces at the 
15 same time, such as for example with reference to Fig. 7 class 15R. At the end 
of step 110, maxi interface ordinals will have been assigned to the interfaces of 
the system. 

A sample interface ordinal table 117 is illustrated in Fig. 11. Note that 
more than one interface may share the same interface ordinal in order to 
20 minimize the value of maxu the number of interface ordinals. In the sample 
interface ordinal table 117 of Fig. 11, additional entries are shown to illustrate 
the cases where many more classes and interfaces are in the system, not only 
those shown in the example of Fig. 7. Step 110 can be accomplished using any 

10 
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number of techniques for optimizing NP-complete problems. One such 
technique 300 is illustrated in Fig. 12, which will be described next 

With reference to Fig. 12, a constraint is provided at step 310, and at 
step 320 a set of items to be assigned ordinals is also provided. Items are 
5 assigned the same ordinal 0 at step 330. At step 340, the items are tested for 
satisfying the constraint. If the constraint is not satisfied (such as due to at 
least two items not satisfying the constrmnt and thereby resulting in a 
"collision" of their ordinal assignments), step 350 resolves this by using any 
one of a number of known techniques such as randomly choosing or using a 

10 weighted method. For example, by randomly choosing one of the interfaces 
involved in a conflict to have its ordinal changed (e.g., by adding a value of 
one to it) the conflict is thus resolved. Processing returns to step 340. 

If the constraint is satisfied as determined at step 340, then step 360 
ensues. At step 360, the ordinal assignments and the maximum number of 

IS ordinals in the system are stored. 

With reference back to Fig. 9, having described step 1 10, the next step 
120 of creating class interface check (CIC) tables is described next in greater 
detail with reference to Fig. 13. At step 121, all classes in the system are 
processed in turn through steps 122 through 127. At step 122, a CIC table is 

20 created with maxj null references for the class Cc currently being processed. 
At step 123, all interfaces in the system are processed in turn through steps 
125 through 126. At step 125, the class Cc currently being processed is tested 
for direcdy or indirectly implementing the interface li currently being 
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processed. If class Cc implements interface li, then at step 125, the reference 
corresponding to the interface ordinal of interface li in the CIC table of class 
Cc is set to point to the interface li. At step 126, if all interfaces have been 
processed, then step 127 ensues, if not then the next interface to process is 
5 selected, and processing continues at step 124. At step 127, if all classes have 
been processed, then the method ends, if not then the next class to process is 
selected, and processing continues at step 122. 

A sample CIC table 128, as can be provided by the method of Fig. 13, 
is illustrated in Fig. 14. Note that optionally only entries that correspond to 

10 interface ordinals of methods that are implemented by the particular class have 
non-null entries. For example with reference to Fig. 7, the CIC table 
corresponding to class Cr would have non-null entries at ordinals 27X and 
27Y corresponding to interfaces 25X and 25 Y respectively. In the sample CIC 
table 128 of Fig. 14, additional entries are shown to illustrate the cases where 

15 many more classes and interfaces are in the system, not only those shown in 
the example of Fig. 7. 

With reference back to Fig. 9, having described step 120, the next step 
130 of assigning method ordinals to interface method signatures, while 
optimizing a second constraint, is described next in greater detail with 

20 reference to Figs. 15, 16 and Fig. 12. The constraint is illustrated by the 
expression 135 of Fig. 15, which states that method ordinals are to be assigned 
to enforce the rule that two method ordinals (such as for example with 
reference to Fig. 7 method ordinal 28W and ordinal 28Z) are different if there 

12 



exists a class in the system that directly or indirectly implements both methods 
at the same time, such as for example with reference to Fig. 7 class 15R. At 
the end of step 130, maxm method ordinals will have been assigned to the 
interface method signatures of the system. 

A sample method ordinal table 137 is illustrated in Fig. 16. It is noted 
that more than one method may share the same method ordinal in order to 
minimize the value of maXm, the number of method ordinals. In the sample 
method ordinal table 135 of Fig. 16, additional entries are shown to illustrate 
the cases where many more classes and interfaces are in the system, not only 
those shown in the example of Fig. 7. As was the case with step 1 10. step 130 
can be accomplished using any number of techniques for optimizing NP- 
complete problems. One such technique 300 is illustrated in Fig. 12, which 
was already described above. 

With reference back to Fig. 9, having described step 130, the next step 
140 of creating class interface dispatch (CID) tables is described next in 
greater detail with reference to Fig. 17. At step 141, all classes in the system 
are processed in turn through steps 142 through 147. At step 142, a CID table 
is created with maXm null references for the class Cc currently being 
processed. At step 143, all interfaces in the system are processed in turn 
through steps 145 through 146. At step 145, the class Cc currently being 
processed is tested for directly or indirectly implementing the interface li 
currently being processed, and may use the CIC table. If class Cc implements 
interface Ij, then at step 145, the reference corresponding to the method ordinal 
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of each method signature in interface li in the CID table of class Cc is set to 
point to the implementation of the method signature of Class Cc. This step 
may involve the use of the virtual function table for class Cc and a deep 
traversal of the class hierarchy of class Cc. At step 146, if all interfaces have 

5 been processed, then step 147 ensues, if not then the next interface to process 
is selected, and processing continues at step 144. At step 147, if all classes 
have been processed, then the method ends, if not then the next class to 
process is selected, and processing continues at step 142. After all classes have 
been processed, step 800 may follow in order to compact the tables. This step 

10 800 is an optional improvement. A method of carrying out step 800 is 
discussed in greater detail with reference to Figs. 28-30. 

A sample CID table 148, as can be provided by the method of Fig. 17, 
is illustrated in Fig. 18. Note that optionally only entries that correspond to 
method ordinals of methods that are implemented by the particular class have 

15 non-null entries. For example with reference to Fig. 7, the CID table 
corresponding to class Cr would have non-null entries at ordinals 28W and 
28Z corresponding to method signatures 26W and 26Z respectively. In the 
sample CID table 148 of Fig. 18, additional entries are shown to illustrate the 
cases where many more classes and interfaces are in the system, not only those 

20 shown in the example of Fig. 7. 

With reference back to Fig. 8, having described step 100, the next step 
200 of conununicating direct check and dispatch information to a runtime 
device is described next in greater detail with reference to Fig. 19. 

14 
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With reference to Fig. 19« at step 210 direct check and dispatch 
information is provided, which was generated at step 100. Direct check 
information includes interface ordinal assignments and CIC tables. Direct 
dispatch information includes method ordinal assignments and CID tables. 

5 Direct check and dispatch information may be provided by itself, or optionally 
bundled with auxiliary information such as the set of classes and interfaces, as 
part of a larger direct check and dispatch output. 

At step 220, it is determined whether the compiler system that 
provided the direct check and dispatch information at step 210, is physically 

10 connected to a runtime device. An example of physical connection is if the 
runtime device is electrically connected to the compiler system, such as for 
instance sitting in a cradle connected to the compiler system via a serial 
interface or fiber. An example of a non-physical connection is envisaged when 
the runtime device is a wireless communication device. 

15 At step 230, if the runtime device was found to be connected 

physically to the compiler system at step 220, the direct check and dispatch 
information is communicated to the runtime device by the compiler system 
over the physical connection. 

At step 240, if the runtime device was not found to be connected 

20 physically to the compiler system at step 220, the direct check and dispatch 
information is communicated to the runtime device wirelessly, if Uie runtime 
device is a wireless device. 
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With reference back to Fig. 8, having described step 200, the next step 
300 of performing direct check and dispatch on a runtime device is described 
next in greater detail with reference to Fig. 20. 

With reference to Fig. 20, at step 310 a runtime object Or is provided, 
5 such as for example, with reference to the example of Fig. 7, runtime object 
35R. 

At step 320, an interface Ir is provided, such as for example, with 
reference to the example of Fig. 7,. interface 25 Y. 

At step 330, a direct interface check is performed to verify if runtime 
10 object Or can be cast into the type of interface Ir. An example embodiment of 
a method to carry out this step is illustrated in Fig. 21, and will be described 
inunediately after Fig. 20. If the object Or passes the check, then steps 340 and 
350 ensue. 

At step 340, a method signature m^ is provided, selected from the 
15 method signatures found in interface Ir for the purpose of calling the 
implementation of method mm provided via object Or. 

At step 350, a direct dispatch is performed of method m™ via interface 
Lr of object Or. An example embodiment of a method to carry out this step is 
illustrated in Fig. 22, and will be described after Fig. 21. 
20 However, if the object Or does not pass the check at step 330, then at 

step 360 a runtime exception is thrown. 

With reference to Fig. 21, an example embodiment of a direct interface 
check metiiod is described next. At step 331, the class data Cr for object Or is 

16 



provided. This class data allows the runtime system to determine what class 
type provided the constructor for the Or object. 

At step 332, knowing the class Cr of object Or, the CIC(Cr) table for 
Cr found in the direct check and dispatch information, is provided. 

At step 333, the interface ordinal ordinali(Ii) of interface li is provided, 
for example by looking it up in the interface ordinal table of the direct check 
and dispatch information. 

At step 334, the entry in the ClC(Cr) table corresponding to the 
interface oidinal ordinalift) of interface Ij is compared to a reference to 
interface Ii to perform the direct check. If the reference is equal to Ij, then 
Object Or can be cast into the type corresponding to interface Ij, and step 335 
ensues wherein object Or is asserted as an instance of interface Ii. However, if 
the reference is not equal to Ii, then object Or carmot be cast into the type 
corresponding to interface Ii, and wherein object Or is asserted as not being an 
instance of interface I.. 

With reference back to Fig. 20, having described step 330 performing a 
direct check with reference to Fig. 21, the step 350 of performing direct 
dispatch is described next in greater detail with reference to Fig. 22. 

With reference to Fig. 22. an example embodiment of a direct dispatch 
method is described next. At step 351. the class data Cr for object Or is 
provided. This class data allows the runtime system to determine what class 
type provided the constructor for the Or object. 
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At Step 352, knowing the class Cr of object Or. the CID(Cr) table for 
Cr found in the direct check and dispatch information, is provided. 

At step 3S3, the method ordinal ordinalmCmm) of interface method m^ 
is provided, for example by looking it up in the method ordinal table of the 
5 direct check and dispatch information. 

At step 355, method mm is direcdy dispatched. 

Having described the three steps of the method of Fig. 8, a system 
suitable to cooperate with an embodiment of the method will be described next 
with reference to Figs. 23-27. 

10 With reference to Fig. 23, a direct check and dispatch system 400 is 

illustrated. The direct check and dispatch system 400 includes a compiler 
system 500, media 600, and a runtime system 700. The compiler system 500 
generates the direct check and dispatch information. The media 600 is used to 
prepare or store the direct check and dispatch information for communication 

15 to the runtime device 700. The runtime device 700 performs the direct check 
and dispatch using the direct check and dispatch information. Examples of 
each of these components of system 400 will be described next in reference to 
Figs. 24-27. 

With reference to Fig. 24, the compiler system 500 and media 600 of 
20 Fig. 23 are illustrated in greater detail. 

The compiler system 500 may include compiler storage 510 wherein 
can be stored a representation of a set of classes 512 and a representation of a 
set of interfaces 518. The representations 512, 518 may be in source code 
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form, object form, a reference to a network source, or any other representation 
that allows processor 520 to provide the set of interfaces and classes to the 
direct check and dispatch compiler software module 530, The direct check 
and dispatch compiler software module 530 may embody the method steps 

5 100and200of Fig. 8. 

In some situations, the direct check and dispatch compiler software 
module 530 generates CIC and CID tables wherein interface and method 
ordinals are respectively assigned to interfaces and interface methods such that 
a first and second constraint are substantially satisfied. TTie constraints are 

10 used along with a technique for optimizing NP-complete ordinal assignment 
problems (as described above) during the generation of the direct check and 
dispatch information. The check and dispatch information is later used by a 
runtime device, such as for performing a direct interface check method 
wherein the CIC table is directly consulted using the interface ordinal to 

15 perform the check. The runtime device can also perform a direct dispatch 
method wherein the CID table is direcdy consulted using the method ordinal 
to perform the dispatch. 

The generated check and dispatch information 615 may be stored on 
media 600. Although not necessary, the media 600 may also include as part of 

20 the direct check and dispatch output 610 not only the direct check and dispatch 
information 615, but optionally a representation of the corresponding set of 
classes 612 and a representation of the set of interfaces 618. The 
lepresentadons 612 and 618 need not be the same as the corresponding 

19 



representations 512 and 518 found in the compiler system. The media 600 
itself is intended to encompass both storage devices, such as RAM, flash, and 
disks, and communication media such as network connections and data 
streams. 

With reference to Fig. 25, an exemplary storage media 600, such as 
flash, is illustrated. For a logical view of some of the same elements, see Fig. 
7. Direct check and dispatch output 610 includes a set of classes 612, a set of 
interfaces 618, and direct check and dispatch information 615. The set of 
classes illustrated includes Cr class data 15R and other class data 15P (see Fig. 
7 for a logical view). The set of interfaces 618 includes Ix 25X interface data, 
and 25 Y interface data. Direct check and dispatch information 615 includes 
CIC tables 616 and CED tables 617. as well as interface and method ordinals 
27X, 27Y and 28W, 28Z respectively. Only one CIC table CIC(Cr) and one 
CID table CID(Cr), both related to class Cr 15R, are illustrated. ClC(Cr) table 
616 has non-null entries at interface ordinal positions ordi(Ix) and ordt(Iy) 
corresponding to interface ordinals of interfaces Ix 25X and ly 25Y 
respectively. CID(Cr) table 617 has non-null entries at method ordinal 
positions ordm(mw) and ordm(mz) corresponding to method ordinals of 
interface methods mw and mz of interfaces ly 25 Y and Ix 25X respectively. 

With reference to Fig. 26, an exemplary runtime device, which 
happens to be a wireless device 700, is illustrated. Runtime device 700 
includes runtime storage 705 to receive and store a representation of direct 
check and dispatch information 715 via media 600. The direct check and 
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dispatch information 715 need not be in the same representation 615 as found 
in media 600, or as found in compiler system 500. As illustrated, the direct 
check and dispatch information 715 is part of direct check and dispatch input 
710, which optionally includes representations 712 and 718 of the set of 

5 classes and interfaces, respectively. In addition to the direct check and 
dispatch information, runtime storage also includes a runtime context 750, 
which is used in conjunction with the direct check and dispatch information 
615. The runtime context 750 may include any particular objects for which the 
direct check is performed, as well as any particular method calls on objects for 

10 which the direct dispatch is performed. 

Runtime processor 720 may execute the direct check and dispatch 
runtime software module 730 and provides direct check and dispatch 
information 715 to module 730 for the purpose of performing the direct check 
and dispatch method. It should be understood that the runtime software 

15 module may be implemented as a single program or a set of programs (e.g., a 
module to perform the direct check and another module to perform the direct 
dispatch). Runtime software module 730 may embody tiie step 300 of the 
method of Fig. 8. 

Also shown is transceiver 740 that allows runtime device 700 to 
20 communicate with compiler system 500 over wireless media 600. 

With reference to Fig. 27, exemplary runtime storage 705 is illustrated. 
See Fig. 7 for a logical view of some of the same elements. Direct check and 
dispatch output 710 includes a set of classes 712. a set of interfaces 718, and 
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direct check and dispatch information 715. The set of classes illustrated 
includes Cr class data 15R and other class data 15P (see Fig. 7 for a logical 
view). The set of interfaces 718 includes U 25X interface data and 25 Y 
interface data. Direct check and dispatch information 715 includes CIC tables 

5 716 and CID tables 717, as well as interface and method ordinals 27X, 27Y 
and 28W, 28Z respectively. Only one CIC table ClC(Cr) and one CID table 
CID(Cr), both related to class Cr 15R, are illustrated. ClC(Cr) table 716 has 
non-null entries at interface ordinal positions ordi(Ix) and ordi(Iy) 
corresponding to interface ordinals of interfaces Ix 25X and ly 25Y 

10 respectively. CID(Cr) table 717 has non-null entries at method ordinal 
positions ordm(nriw) and ordmCmz) corresponding to method ordinals of 
interface methods mw and mz of interfaces ly 25Y and I^ 25X respectively. 
Also illustrated is runtime context 750 which includes Or object data 35R (see 
Fig. 7) and an Or method call 770. The Or method call 770 is illustrated at the 

15 position of the program counter PC for the runtime context 750 as this 
condition could be used as a trigger to invoke the direct check and dispatch 
method of Fig. 20 wherein at step 340 a runtime method call is provided. Also 
shown is virtual function table 760 which includes the addresses of the two 
interface methods of the example of Fig. 7, m^CCr) and mw(Cr) each specified 

20 by interfaces 25 Y and 25X respectively, and implemented by class data 15P 
and 15R respectively. 

A method of compacting sparse CID tables in accordance with the 
optional step 800 of Fig. 17, will be described next with reference to Fig. 28. 
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After which, in order to better illustrate this method. Figs. 29 and 30 will be 
described. Fig. 29 illustrates sparse tables. Fig. 30 illustrates the same table 
information found in Fig. 29 compacted by the method of Fig. 28. 

With reference to Fig. 28, at step 810 a Compact Table is allocated and 

5 all of its entries are set to null. The Compact Table can be allocated to 
accommodate as many entries as there are in all of the candidate sparse CID 
tables. For instance, if each of 3 candidate CID tables has 9 entries each 
corresponding to 9 ordinals (0 to 8), then the Compact Table can be allocated 
to have 27 (3x9) entries. The method will actually use less memory than was 

10 allocated, therefore step 890 is provided to recover unused memory, both in 
the Compact Table and in the CID tables, at the end of the method. 

At step 820, each candidate sparse CID table is processed in turn 
through steps 830 to 870. 

At step 830, an offset value is set to zero. The offset value indicates 

15 how many entries of the Cdmpact Table should be skipped in order to find the 
first entry of the sparse CID table being processed at step 820. 

At step 840, all entries of the candidate sparse CID table are compared 
to the corresponding entries in the Compact Table in order to determine if the 
candidate sparse CID table would fit at the current offset. For a given offset, 

20 correspondence between candidate sparse CID table entries and Compact 
Table entries is done by adding the ordinal number of the CID table entry to 
the offset of the Compact Table. A candidate sparse CID table fits at a given 
offset if and only if all non-null entries at ordinal position in the candidate 
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sparse CID table find correspondence with null entries at position [offset + 
ordinal] in the Compact Table. If the candidate sparse table fits, then steps 860 
and 870 ensue, or else step 850 ensues wherein the offset is incremented, and 
step 840 is performed again. Eventually, the offset will be sufficiently large so 
5 that step 840 determines that the candidate sparse table fits* 

At step 860, the non-null entries in the candidate sparse CID table are 
copied to their corresponding position in the Compact Table. 

At step 870, the address of the offset in the Compact Table is used as 
the new origin of the candidate sparse CID table, for example by setting the 
10 handle in memory which previously pointed to the address of the first entry in 
the candidate sparse CID table to point to the address of the offset entry in the 
Compact Table. Once step 870 is complete, the memory that was at the old 
candidate sparse CID table can be recovered or marked for recovery. 

At step 880, the next candidate sparse CID table is processed through 
15 steps 830 to 870, or having processed all sparse CID tables, the method 
continues at step 890. 

At step 890, memory that remains unused can be recovered. For 
instance, the memory of each candidate sparse CID table marked for recovery 
at step 870 can be recovered. Furthermore, all null entries at the end of the 
20 Compact Table can be recovered. 

With reference to Figs. 29 and 30, the equivalence of the compact 
representation of Fig. 30 with the sparse representation of Fig. 29 will be 
described with reference to the steps of the method at Figs. 20*22. 
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With reference to Fig. 29, three sparse CID tables are shown: 920X, 
920 Y and 920Z that collectively form the sparse table input 910 for the 
method of Fig. 28. A sparse CID table has non-null entries, and being sparse, 
null entries. Table 920X has three non-null entries Xo, X4 and Xg at ordinal 

5 positions 0, 4 and 8 respectively. Table 920Y has two non-null entries Yo and 
Y5 at ordinal positions 0 and 5 respectively. Table 920Z has two non-null 
entries Z2 and Z4 at ordinal positions 2 and 4 respectively. Each CID table 
920X, 920Y, and 920Z has a handle 925X, 925 Y and 925Z respectively which 
points to the address of the first entry of the respective CID table. The sparse 

10 table input 910 resides in either storage or media 900. 

With reference to Fig. 30, the same sparse CID table information is 
shown, i.e., every non-null entry of the sparse table input 910 of Fig. 29 can be 
found in the compact tables output 930 of Fig. 30. Furthermore, so long as 
only non-null entries are accessed using the updated handles 925X, 925Z and 

15 925Y, then compact table 940 provides a compact representation of the sparse 
CID tables of Fig. 29. 

With reference back to Figs. 20-22, step 353 of Fig. 22 could equally 
well use tfie tables of Fig. 29 or Fig. 30 to provide non-null entry 
ordinalm(nim). This is because the direct check step 334 of Fig. 21 prevents 

20 the direct dispatch step 353 of Fig. 22 from accessing non-null CID table 
entries by throwing an exception at step 336. 

Having described in detail the preferred embodiments of the present 
invention, including the preferred methods of operation, it is to be understood 
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that this Operation could be carried out with different elements and steps. This 
preferred embodiment is presented only by way of example and is not meant 
to limit the scope of the present invention. As an illustration, the methods and 
systems disclosed herein are well suited for use in many wireless devices, such 
S as personal digital assistants, mobile communication devices, cellular phones, 
and wireless two-way conmiunication devices. Moreover, the methods and 
systems disclosed herein are useful in any device that uses an object-oriented 
computer system as well as can be implemented via compiler systems, 
computer-readable media, and runtime devices. The systems and methods 
10 may also have their information stored in data structures which are contained 
in memory as well as be transmitted via data signals embodied on carrier 
signals or other conununication pathway media (e.g., fiber optics, infrared, 
etc.). 
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It is claimed: 

1. A method for handling runtime objects operating on a wireless device, 
wherein the runtime objects are instantiations of classes, wherein a class can 
5 implement an object-oriented interface having methods, comprising the steps 
of: 

assigning, for a class, an interface ordinal to an interface based 
upon a relationship existing between the class and the interface; 

associating with at least one interface ordinal a reference that 
10 points to an interface implemented by a class; 

assigning, for a class, a method ordinal to an interface's' method 
based upon a relationship existing between the class and the method; 

associating with at least one method ordinal a reference that 
points to a method of an interface; 
IS wherein an assigned interface ordinal and an associated 

reference are to be used to check whether a runtime object operating on the 
wireless device is an instantiation of an interface; 

wherein an assigned method ordinal and an associated method 
reference are to be used to perform a dispatch of an interface's method 
20 implemented by the runtime object. 
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2, The method of claim 1, wherein a direct interface check is performed to 
verify if the runtime object can be cast into the type of an interface by 
performing steps comprising: 

providing class data for the runtime object in order to determine 
5 what class type provided the constructor for the runtime object; 

using the interface ordinals' association with the interface 
references to check whether the runtime object is an instance of an interface, 

3, The method of claim 1, wherein a dispatch is performed by performing 
10 steps comprising: 

providing class data for the runtime object in order to determine 
what class type provided the constructor for the runtime object; 

using the method ordinals association with the method 
references to directly dispatch the method. 

15 

4, The method of claim 1, wherein a compiler system generates check and 
dispatch information based upon an input set of classes and set of interfaces, 

wherein the check and dispatch information includes the 
interface ordinals, the interface references associated with the interface 
20 ordinals, the method ordinals, and the method references associated with the 
method ordinals, wherein the wireless device includes runtime storage to store 
on the wireless device the assigned interface ordinals and their associated 
interface references, . 
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5. The method of claim 4, wherein the runtime storage stores on the wireless 
device the assigned method ordinals and their associated method references. 

5 6. The method of claim 5, wherein the runtime storage comprises runtime 
context which includes objects for which a direct check is performed and 
includes method calls on objects for which a direct dispatch is performed. 

7. The method of claim 6, wherein the wireless device includes a runtime 
10 processor and operates within a Java-based computer environment, wherein an 

assigned interface ordinal and an associated reference are to be used by the 
runtime processor to check whether a runtime object operating on the wireless 
device is an instantiation of an interface; 

wherein an assigned method ordinal and an associated method 
15 reference are to be used by the runtime processor to perform a dispatch of an 
interface's method implemented by the mntime object. 

8. The method of claim 7, wherein a method call on the wireless device is 
used as a trigger to invoke a direct check and direct dispatch using the check 

20 and dispatch information. 
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9. A system for handling runtime objects operating on a wireless device, 
wherein the runtime objects are instantiations of classes, wherein a class can 
implement an object-oriented interface having methods, comprising: 

class interface check data structure, wherein the class interface 
5 check data structure stores associations between interface ordinals and 
references to interfaces, 

wherein the ordinals were assigned to interfaces such that a first 
constraint is substantially satisfied, wherein the first constraint provides that 
two interfaces are assigned different interface ordinals if there exists a class 
10 that implements both of the interfaces; 

class interface dispatch data structure, wherein the class 
interface dispatch data structure stores associations between method ordinals 
and references to methods, 

wherein the ordinals were assigned to methods such that a 
15 second constraint was substantially satisfied, wherein the second constraint 
provides that two methods have different method ordinals if there exists a 
class that implements both of the methods; 

wherein the class interface check data structure is to be used to 
check whether a runtime object operating on the wireless device is an 
20 instantiation of an interface; 

wherein the class interface dispatch data structure is to be used 
to perform a dispatch of an interface's method implemented by the runtime 
object. 
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10. The system of claim 9 further comprising: 

a compiler system that assigns the ordinals to interfaces such 
that the first constraint is substantially satisfied, wherein the compiler assigns 
5 the ordinals to methods such that the second constraint is substantially 
satisfied. 
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